ABSTRACT The 1916 painters and the 1948 electricians who resided in the Canton of Geneva at the time of the 1970 census were identified and followed up to 1984. During the study period 121 disability pensions were awarded to painters and 59 to electricians. Age standardised incidence ofdisability per 1000 man-years at risk was higher among painters than among electricians for all neuropsychiatric causes (1[23/1000 and 0-68/1000, respectively) and for all other causes (5 50/1000 and 3 41/1000, respectively). No case of presenile dementia was diagnosed among painters. There was inadequate evidence to indicate that the higher risk of neuropsychiatric disability for painters might have been due to their occupational exposure to organic solvents. A possible toxic effect of these substances on the central nervous system was confounded with alcoholism which was associated with disability from neuropsychiatric disease in 12 of 20 painters and in only one of 10 electricians. Mortality and incidence of cancer were assessed among both cohorts and compared with the expected figures calculated from Geneva rates. Among painters there was a significant increase in overall mortality (O = 254, E = 218f5), in mortality from all cancers (O = 96, E = 75 4), and in incidence from all cancers (O = 159, E = 132-0). For the specific cancer sites, there was a significant excess risk for lung cancer (mortality: 0 = 40, E = 23.0), which was possibly related to occupational exposure to asbestos and to zinc chromate, although cigarette smoking was not controlled. The significant excesses of biliary tract cancer and of bladder cancer were in accordance with previous observations among painters from other countries. There was also a significant increase in incidence from testicular cancer (O = 5, E = 1 f6), which has not been reported before. For causes of death other than cancer, the excesses for alcoholism (O = 5, E = 0 8), for liver cirrhosis (O = 14, E = 8 8), for motor vehicle accidents (O = 12, E = 5 9), and for cerebrovascular disease when allowing for ten years of latency (O = 8, E = 4-0), were consistent with a probable increased risk of alcohol abuse. Among electricians overall mortality was similar to that expected (O = 137, E = 139f0). No significant excess risk was found for all cancers or for any specific cancer site. Because of the small number of expected deaths the statistical power was low for the assessment of a possible risk for leukaemia or for brain tumour.
Disability, mortality, and incidence ofcancer among Geneva painters and electricians among Geneva painters by comparison with that among Geneva electricians. Later on, the study was extended to the analysis of mortality and incidence of cancer among both groups.
Population and methods
The base cohorts were constituted by all painters (n = 1993) and all electricians (n = 1992) resident in the Canton of Geneva at the time of the 1970 census. The men were identified in the census files and traced through various registers according to methods previously described. 4 From the base cohorts, 77 painters and 44 electricians were eliminated for the following reasons: (a) foreigners who did not appear in the records of the Population Office of Geneva (32 painters and other painters. Electricians were distributed into 1833 "electricians" and 115 car electricians; the former category included: (a) electricity installers and repairmen, (b) telephone installers, and (c) linemen and cable jointers. It did not include electrical and electronics fitters and assemblers, or radio and television repairmen. About a third of the painters and half the electricians were certified professionals. The number of selfemployed was 258 painters (13.5%) and 68 electricians (3 5%).
The workers were followed up from 1 January 1971 to 31 December 1984, or 65 who have lost, due to disease or accident, at least two thirds oftheir ability for a gainful employment in an equilibrated labour market. When the loss ofability is between halfand two thirds, a 50% pension is awarded. The disability pension is paid whether the disease or accident is work related or not.
The workers of both cohorts who received a 50% or 100% disability pension during the study period (1 January 1971 to 31 December 1984) were identified in the files ofthe Geneva section of the Swiss "Assurance Invalidite." Men below age 30 were excluded because disability due to the "painters' syndrome" was not reported and seems unlikely among the younger age groups. Official coding of the cause ofdisability by the insurance board (only the main cause was coded) was used to classify the pensions in the selected categories of disability. Subsidiary diagnoses were extracted from the insurance records which contained medical forms completed by the treating physician(s) in all cases, and often reports of medical experts, especially from the outpatients or inpatients departments of the Geneva university hospital. In addition, hospital records of the 10 painters and the six electricians who had been admitted to the Geneva University psychiatric clinic were examined.
Only the date ofthe awarding ofthe pension and the official code number of disability were available for five painters and four electricians whose insurance records were not kept. For two other painters who both died from hepatic cirrhosis and one electrician who died from oesophageal cancer, it could not be ascertained if they had received a disability pension during a few months before death and these three cases were eliminated.
The cause specific disability incidence per 1000 manyears for 1971 to 1984, among painters and among electricians, was standardised for age using as standard population the two cohorts combined. The differences were tested using the method described by Berry.5 For convenience in the presentation of the results, the code number of the Swiss classification of disabilities was recoded by us in establishments, similar to the painters. The socioeconomic levels of the two occupational groups were similar, as indicated by the minimum hourly wages in 1984: 17-1 Swiss francs for painters and 16-9 for electricians.6 Thus electricians were considered to be the best available comparison group of sufficient size.
MORTALITY AND CANCER INCIDENCE STUDY
The Swiss "Office federal de la statistique" supplied us with official death certificate codings for all men who died within the country. During the whole study period the ICD 8th revision was in force in Switzerland. Among the 10 deaths abroad (five painters and five electricians), the cause was obtained in four cases from a copy ofthe death certificates, in four cases from information from the wife, and from notices in Geneva newspapers for two men who died in the neighbouring region of France (one ski accident and one sudden cardiac death). The incident cancers were collected by the Geneva Cancer Registry. Expected deaths and expected cases of cancer were calculated from regional rates as described previously.7 Expected deaths were based on 23 289 man-years of observation of painters and on 24 807 man-years of observation of electricians. The figures were a little less (22 398 and 23 387, respectively) for the incidence of cancer study because the periods of residence outside the Canton of Geneva should be excluded, due to the lack of a national cancer registry.
For the analysis of mortality from alcoholism we combined deaths from alcoholic psychosis (ICD-8: 291), alcoholism (303), and accidental poisoning by alcohol (E 860). The latter was included because in Switzerland most of the deaths allocated to this code are due to acute alcoholic intoxication.
The one sided significance of the excesses of observed deaths and of incident cancers was tested by the usual method based on the Poisson distribution. Table 2 shows age specific incidence of disability per 1000 man-years and overall crude incidence for the whole study period 1971-84. The overall crude incidence of disability was twice as high among painters as among electricians. The age distribution of man-years, however, shows that the painters were on average older than the electricians. Age specific disability was always higher by about 50% among the painters except for the youngest age group (30-34).
Results

DISABILITY
There was higher age standardised incidence among painters than among electricians for all the selected categories of disability, although the difference was only significant for circulatory disease and for all causes (table 1) .
For the four categories of neuropsychiatric disease, there were 20 pensions granted to painters and 10 to electricians. Age standardised incidence per 1000 manyears was respectively 1 23 and 0-68 (difference not significant), which gave a risk of disability among painters of 1 8 relative to the risk among electricians.
Among the 20 painters, alcoholism was the main cause of disability in four cases (one Korsakoff"s syndrome) and a contributing cause in eight. Among the 10 electricians, alcoholism was a contributing cause for one case only.
There was no main or subsidiary diagnosis of presenile dementia or cerebral atrophy among painters. One electrician was granted a pension because cerebral atrophy was diagnosed on the CT scan. This was attributed to multiple cerebrovascular infarctions.
Considering all non-neuropsychiatric diagnoses together, the age standardised incidence of disability pensions was 5-50/1000 man-years among painters and 3-41/1000 among electricians (relative risk 1-6). The difference was significant at the 1% level. Among the selected categories of disability, neoplasms (table 3) . Incidence but not mortality from incidence was significantly higher among painters for bladder cancer and from testicular cancer were also circulatory disease (table 1) . More detailed analyses significantly increased. There was no significant excess indicated that there were 18 pensions (incidence: 0 96/ for all malignant neoplasms or for any specific site 1000) among painters and eight (0-63/1000) among among electricians (table 4) . electricians for heart disease, eight (041/1000) and Overall mortality and mortality from selected none, respectively, for cerebrovascular disease, and causes other than malignant neoplasm may be seen in five (0-25/1000) and two (0-14/1000), respectively, for table 5. There was a significant excess of observed other vascular diseases.
deaths among painters for all causes, motor vehicle Clinical data of the eight cases of cerebrovascular accident, and alcoholism. No significant excess of disease among painters indicated that there was a mortality was observed among electricians. typical feature of stroke syndrome with a more or less Table 6 gives the observed and expected deaths severe hemiplegia in six men, a Wallenberg's syndrome among painters during the first 10 years (1971-80), in one, and a spontaneous haematoma of the left and the 1 1th to 14th years (1981-4), since the start of occipital lobe in the remaining one. follow up. The SMRs from the leading causes of deaths increased with longer follow up. This was MORTALITY AND INCIDENCE OF CANCER possibly due to the process of selection and survival Among painters, mortality and incidence were sig-described as the "healthy worker effect." The mornificantly higher than expected from Geneva rates for tality excess during the last period was highly siggallbladder cancer, lung cancer, and all malignant nificant for all causes, malignant neoplasm, lung cancer, and circulatory disease. Analysis of the various chronic alcoholism for three, and acute alcoholic categories of circulatory disease showed a significant intoxication for one. excess forheart disease (O = 32, E = 20-8, p < 0.01), Among the subgroup of building painters (70% of which was due to "other forms of heart disease" all painters), excesses were similar to those observed (O = 17, E = 7-8, p <0.01) rather than to ischaemic for the whole cohort, as expected. The increase in heart disease (O = 15, E = 13.0). There was also an mortality from bladder cancer (O = 6, E = 2-4, excess of borderline significance for cerebrovascular p < 0-05) and from liver cirrhosis (O = 12, E = 6-2, disease (O = 8, E = 4-0, p = 0-05).
p < 0-05) however, reached the conventional level of By contrast, there was no increase in SMR with statistical significance, contrary to the increase among longer follow up among electricians. Within the last all painters. period (1981-84) the SMRs were 102 for all causes, 87 for malignant neoplasm, and 92 for circulatory dis-Discussion ease.
No death certificate mentioned cerebral atrophy or THE PAINTERS' SYNDROME presenile dementia as the underlying or a contributing All painters living in Geneva canton at the time of the cause in painters or in electricians.
1970 census were followed up for 14 years. Scrutiny of The underlying cause of the five painters' deaths the causes of the 254 deaths and 121 disability from alcoholism was delirium tremens for one, chronic pensions showed no case ofpresenile dementia. Never- It should be pointed out that the insurance board can reduce a pension by 50% in cases of alcoholism. We believe that Geneva physicians have taken this into account and have mentioned this diagnosis only when there was no doubt that their patient had a long history ofalcohol related medical and social problems.
An increased risk for alcohol abuse among painters is supported by the mortality data which showed a significant excess of mortality from alcoholism and an excess of mortality from liver cirrhosis of borderline significance, although the latter excess was significant among the subgroup of building painters.
In conclusion, there was inadequate evidence to support a solvent related painters' syndrome from our 1971-84 analysis ofdisability among Geneva painters, despite the fact that hundreds of their Scandinavian fellow workers received compensation because of this syndrome during the same period.2 There is no clear explanation for this discrepancy.
Mortality data were searched for suggestions. Observed mortality from all causes and from the leading causes of death among electricians was similar to that expected from Geneva rates. It is therefore unlikely that the relatively high incidence of disability among painters could be due to a better than average state of health of the occupational group selected for comparison.
In our previous cohort studies in Geneva there was no significant mortality excess from the main causes of death among hairdressers7 or among chemical workers who stayed at least one year,9 similar to the findings among electricians. Contrary to the concordant mortality experience of these three occupational cohorts, painters showed an increase in mortality which was particularly pronounced (allowing for ten years of latency) for all causes, all malignant neoplasms, lung cancer, and circulatory disease.
Thus mortality and disability data are in agreement suggesting that Geneva painters are an unhealthy occupational group at higher risk from various diseases. It might be assumed that this is accountable for by a set of life style and occupational factors, some of which will be discussed below.
MORTALITY AND INCIDENCE OF CANCER AMONG PAINTERS
Lung cancer The present study supports previous findings of an association between the occupation as a painter and lung cancer shown in two cohort studies of Swedish'' " and United States painters'213 and in "occupational disease surveillance studies" based on vital records'" and cancer registry data.'8"9 Adjusting for cigarette smoking in two of these studies did not change the association.'3 '9 In common with painters from other countries,20 Geneva painters had in previous decades direct exposure to asbestos containing materials such as sealant and other compounds and indirect exposure to asbestos materials used by other trades in the building industry.
On the other hand, metal protective primers containing zinc chromate pigments were widely used by Geneva painters until recently. Zinc chromate has been shown to induce lung cancer in animals2' and has been assumed to be the main factor in the excess of lung cancer reported among chrome pigment makers2' and spray painters.22 Our inquiries indicated that Geneva building painters were exposed to zinc chromate during spray painting of non-ferrous metals and during removal of old primers often by sanding, before the application ofa new coat ofpaint. But spray painters of machine tools, who constituted almost exclusively the subgroup of 68 "other spray painters," were certainly more regularly exposed to zinc chromate containing primers. Our mortality results suggest a high risk of lung cancer among these men 22 (O = 4, E = l 0, p < 005), although based on a small number of deaths.
In conclusion, the highly significant excess of lung cancer among Geneva painters was possibly related to occupational exposure to two lung carcinogens: asbestos and zinc chromate. Unfortunately, we have no data on the duration and level of exposure or on smoking habits. This precludes any tentative estimate of the proportion of the excess of lung cancer which may be ascribed to occupation.
Other cancers
The significantly increased risk for cancer ofthe biliary tract among Geneva painters was based on one cancer of the gallbladder and two cancers of the extrahepatic bile ducts. This observation is in agreement with the increased incidence from biliary cancer found among Swedish painters.'023
There were five cases of testicular cancer among Geneva painters (two seminomas, two teratomas, one lymphoma) when 1-6 were expected. No previous report has mentioned an association of testicular cancer with the occupation of painter and a chance excess should be considered.
Our finding of an excess of bladder cancer among painters supports the results of two case-control studies on bladder cancer,24 25 of a proportionate mortality study among artistic painters,26 and ofone of the above quoted occupational disease surveillance studies.'8 Smoking or occupational exposure to unknown bladder carcinogen(s), or both, might be postulated to explain the excess among Geneva painters.
For alcohol related cancers (buccal cavity, pharynx, oesophagus, liver, and larynx) there was no significant excess risk. An increase in mortality and in incidence was nevertheless observed for cancer of the buccal cavity and pharynx (SMR = 184, SIR = 149) and for liver cancer (SMR = 156, SIR = 139) but as for cancers of the oesophagus and larynx the chances of detecting a significant excess were limited by the small numbers of expected deaths and cases of cancer. Causes ofdeath other than cancer We have already discussed the probably higher than average alcohol consumption among Geneva painters and the related mortality from alcoholism and from hepatic cirrhosis. This risk factor is consistent with the significant excess of observed deaths from motor vehicle accident, and with the mortality excess of borderline significance from cerebrovascular disease when allowing for ten years of latency. As to this latter excess there is strong evidence of an association of heavy drinking with stroke27" and with hypertension, ' a well recognised risk factor for stroke.32
It should be pointed out that the increased risk for Guberan, Usel, Raymond, Tissot, Sweetnam cerebrovascular disease is supported by the disability study which showed, as we have seen, eight cases among painters and none among electricians.
Mortality was significantly increased after a latency of ten years, for "other forms of heart disease." This category of deaths includes various heart disorders, especially cardiac insufficiency, a diagnosis often made by Swiss physicians, for ill defined causes of deaths. It cannot be ruled out that this mortality excess had some relation with the "alcoholic cardiomyopathy" described among chronic alcohol abusers.3334 This latter diagnosis, however, could not be found on the relevant death certificates.
MORTALITY AND INCIDENCE OF CANCER AMONG ELECTRICIANS
Several reports have suggested an increased risk of leukaemia for various categories ofelectrical workers, although evidence is still controversial (reviews35 36). Excess mortality or incidence were also reported for lung cancer,3738 mesothelioma,391 brain tumours,4' malignant melanoma of the skin,4243 and cancer of the pharynx.35
In the present study there was no significant excess of cancer for any specific site. Observed and expected incidence of leukaemia (O = 2, E = 1-6), brain cancer (O = 2, E = 1 7), malignant melanoma (O = 1, E = 2.1), and cancer of the pharynx (O = 2, E = 3.1), however, were based on small numbers.
